Background. Placental mesenchymal stem cells application is a promising area of cell therapy for number diseases. Their using in the form of spheroids results in enhancement of the therapeutic potential, improve the cells survival after transplantation. Medical purposes require the characterization and development of spheroids storage technology. Objective. The aim of the paper is to characterize placental mesenchymal stem cells spheroids after generation and low-temperature storage. Methods. Spheroids were produced by a hanging drop method from placental mesenchymal stem cells, characterized after production and after subnormothermic (20 C) and hypothermic (4 C) storage for up to 96 h. The structure, metabolic activity of spheroids according to the data of the MTT test and the resazurin restoration test were studied. Results. The hanging drop method makes it possible to produce from 110 6 placental mesenchymal stem cells about 825.3 ± 56.2 spheroids in the size of 50-150 microns and 62.3 ± 5.1 spheroids of 150-300 microns in size, having a spherical shape, not stained with trypan blue, stained with neutral red and fluorescein diacetate. The spheroids adhere to the plastic and destroying through short-time centrifugation. During subnormothermic storage spheroids, structural characteristics and metabolic activity change after 48 h, during hypothermicafter 24 h of storage. Conclusions. The hanging drop method makes it possible to produce about 900 spheroids from 1 million placental MSCs with stable metabolic activity. For medical purposes, subornorthomeric (20 C) storage not more than 24 h is recommended for placental MSC spheroid. Longer storage leads to a sharp decreasing of their metabolic activity and destroying to the separated cells.
Introduction
Placental mesenchymal stem cells (MSCs) are promising candidates for cell therapy. Their advantages to cells from other sources are a high proliferative activity, reduced immunogenicity, and lack of ethical issues. Their effectiveness in the treatment of diabetes mellitus, ulcers, burns, neuropathy, premature ovarian failure, climacteric syndrome, infertility has been demonstrated. The stem cells mechanism of action is associated with their plasticity, paracrine, and endocrine properties [1, 2] .
The stem cells application in spheroids opens new possibilities in cell therapy. In spheroids, cells interact, actively secrete biologically active substances, live longer after transplantation. The effectiveness of stem cells spheroids in wounds healing, bone systems pathology, cardiovascular systems pathology, premature ovarian failure has been shown [3, 4] .
For effective clinical application, it is important to characterize the properties of spheroids after generation and short-term storage, which is necessary for its transportation from the biotechnological laboratory to the clinic [5] . In our previous studies, we have proved inappropriate of cryopreservation for spheroids storage [6] . In our view, subnormothermic (20 С) and hypothermic (4 С) regimes are promising for the spheroids short-term storage. Their effectiveness is demonstrated on other objects [7, 8] .
Aim of the study: to characterize spheroids from placental mesenchymal stem cells after production and low-temperature storage.
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Materials and methods
The research was conducted in the framework of the project "Investigation of geroprotective and gerotherapeutic effects of placental bioobjects" (No. 0114U00131).
The placenta was obtained whit women informed consent after cesarean section. Placental MSCs were isolated by the enzymatic method described earlier, cells were characteristics like MSCs (immunophenotype CD90 +, CD73+, CD105+, CD34, capable of induced differentiation in the adipogenic, chondrogenic and osteogenic directions) [8] .
Spheroids from the cell culture were generated by the hanging drop method [4, 9] . In brief: placental cells removed from plastic, resuspended in medium DMEM (BioWest, France) at a concentration of 510 5 cells/ml, 30 μl drops of were put to the inner surface of the cover of a nonadjuvant Petri dish. In the lower part of a Petri dish, 20 ml of sterile distilled water were poured to save humidity. After 24 h, spheroids, formed in drops were gently washed off and removed.
Spheroids were stored in DMEM (BioWest, France) in closed polypropylene tubes under subornorthomeric (+20 C) and hypothermic (+4 C) conditions. Every 24 h, a MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and resazurin tests, were done. Freshly isolated spheroids were used as a positive control, as negativespheroids, devitalized by 96% ice-cold ethanol.
An optical microscopy study with phasecontrast methods, neutral red, trypan blue vital staining, confocal laser scanning microscopy with fluorescein diacetate and propidium iodide (FDA/PI) staining according to previously described protocols [6, 8] were done.
For the MTT test, spheroids in concentration 110 5 cells/ml were incubated for 4 h in 12-well plates in the DMEM medium with the addition of MTT (Sigma, USA) at a final concentration of 0.5 mg/ml in a CO2 incubator (Thermo Fisher Scientific, USA) at 37 C in an atmosphere with 5% CO2. After incubation, the medium was removed, the formazan was extracted with 96% ethanol and absorbance was measured on a spectrophotometer PV 1251C (Solar, Belarus) at a wavelength of 570 nm. The resazurin test was performed similarly, resazurin (Sigma, USA) was added at a final concentration of 0.15 mg/ml, incubated for 24 h. The optical density was measured on a spectrophotometer PV 1251C (Solar, Belarus) at a wavelength of 590 nm.
ToupView V 3.7 software (Hangzhou Toup Tek Photonics Co. Ltd, Hangzhou, China) was used for image processing. To obtain statistically significant conclusions, the Man-Whitney U-criterion and Kruskal -Wallis criterion were used. For data processing Past V. 3.15 software (University of Oslo, Norway) was used.
Results
From a suspension of 110 6 cells, 825.3 ± ± 56.2 spheroids in the size of 50-150 microns and 62.3 ± 5.1 spheroids in the size of 150-300 microns were obtained. Spheroids had a spherical shape, have not been stained with trypan blue. A small number of cells did not form spheroids (Fig. 1a ). After FDA/PI staining, most сells were viable, except for a small number of cells on the periphery of spheroids (Fig. 1b) .
All spheroids were adhesive to plastic and formed a monolayer during the day after moving to an adhesive culture dish (Fig. 1c ). Viable spheroids were stained with formazan after MTT reaction. It was impossible to visualize individual cells to evaluate their viability as described in the literature for alginate microspheres [10] (Fig. 1d ). Viable spheroids also were stained with neutral red without the possibility of visualizing individual cells (Fig. 1e ). were stained with trypan blue. Cells in not viable spheroids loss their adhesive properties were separated from each other (Fig. 1f ). Cell contacts between cells in spheroids were weak: the spheroids keep the integrity after the concentration by the washing and sedimentation, but after washing by centrifugation spheroids where destroyed.
After one day spheroids subnormothermic storage their number did not differ from the control index. The MTT and resazurin tests indexes were also at the control level (Table 1) . Spheroids partially changed their shape, some cells were detached on their surfaces, it can be explained by intercellular adhesion decreasing, the cytoplasm became more granular (Fig. 2a) .
After longer spheroids storage in the subnormothermic conditions, their number decreased, metabolic activity decreased twice ( Table 2) . At the morphological study, cells were separated from the spheroids, the cytoplasm was more vacuolated, amorphous (Fig. 2b) .
When hypothermic spheroids storage their metabolic activity decreased significantly after 24 h of storage, changes progressed rapidly with each day (see Table 2 ).
At the morphological study, cells in spheroids significantly lost adhesion after 24 h (Fig. 2c) , after 48 h the cytoplasm structure was altered by cell vacuolization (Fig. 2d ). 
Discussion
Thereby, it was shown, that the hanging drop method allows production of spheroids from placental MSCs. The cells connection in placental MSCs spheroids are not strong and they destroyed when washing, resuspensing or storage. So it is important to use non-adhesive plastics to preserve and transport placental MSCs spheroids to prevent adhesion.
For placental MSCs spheroids screening tests, it is advisable to apply a morphological study, try-pan blue staining and MTT test, to evaluate metabolic activity.
Placental MSCs spheroids storage is possible no more than one day at 20 С. Storage at a longer time, or storage under hypothermic conditions, leads to spheroids disintegration. The ineffectiveness of spheroids long-term storage at low temperatures can be explained firstly by the fact that the enzyme systems of the homeothermic organism are not adapted to function under these conditions, and secondly by the phenomena of central ischemia. Placental MSCs spheroids instability in comparison with placental cells and explants, the impossibility of their cryopreservation limits spheroids application in clinical practice. Spheroids require careful handling and rapid delivery from the laboratory to the patient.
Conclusions
Hanging drop method allows to generate about 900 spheroids the size of 50-150 microns from 1 million placental MSCs with preserved metabolic activity. For the medical application, it is advisable to use subonormothermic (20 C) placental MSCs spheroids storage up to 24 h, longer storage leads to a sharp metabolic activity decreasing and disintegration.
It is planned to study the effectiveness of placental MSCs spheroids application in experimental gynecological pathology.
